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Jpn. Pat. Appln.KOKAI Publication No. 50-1934 

Title: Composition for forming a colorless glossy chromate coating film 



Claims 

1 . A composition for forming a colorless glossy chromate coating film of zinc or a 
zinc alloy, characterized by comprising 0.5 to 30 g/1 of mineral acid, 0.1 to 100 g/1 
of a compound producing trivalent chromium ions in a liquid, and 0.1 to 100 g/1 of 
carboxylic acids. 

2. A composition for forming a colorless glossy chromate coating film of zinc or a 
zinc alloy, characterized by comprising 0.5 to 30 g/1 of mineral acid, 0.1 to 100 g/1 
of a compound producing trivalent chromium ions in a liquid, 0.1 to 100 g/1 of 
carboxylic acids, and 0.1 g/1 or more of reducing agents. 

Detailed Description of the Invention 

The present invention relates to a composition for forming a colorless glossy 
chromate coating of zinc or a zinc alloy. 

Colorless glossy chromate coatings are extremely important in the field using zinc, 
zinc alloys, zinc plating etc. for the purpose of improving the corrosion resistance of the 
surface of zinc as well as alloys with zinc as the major constituent and furthermore 
preserve the metallic luster of the surface. 

Previously, as a composition for forming this colorless glossy chromate coating 
film, a solution with anhydrous chromic acid or dichromic acid and other compounds 
forming hexavalent chromium ions in solution as the main component is known, with an 
addition of mineral acids such as hydrofluoric acid or fluorides and sulfuric acid, nitric 
acid to these hexavalent chromium ions. 

However in the above mentioned previous compositions using hydrofluoric acid 
or fluorides, environmental problems are caused on account of the waste liquids; 
moreover skill is required for the treatment process when forming colorless glossy 
chromate coating film because the window of an appropriate immersion time is 
extremely narrow with approximately 5 seconds; if this immersion time window is 
missed, a firefly hue characteristic of fluorine is produced. In addition, the colorless, 
glossy chromate coating film obtained by using this composition changes to a yellow 
color as a result of long-term storage and use. In addition, because of the environmental 
problems due to waste fluid due to such compositions, a method entirely doing away 
with fluorides was considered which uses a composition of hexavalent chromium and 
mineral acids, but in the prior art this composition is for colored chromate treatment use, 
and it is difficult to obtain excellent colorless glossy chromate coating film. 
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Such prior-art compositions for forming colorless glossy chromate coating films 
has various drawbacks in that the treatment time window for obtaining a good coating 
film is extremely narrow, and the obtained coating film changes color during the storage 
period etc., waste fluid thereof brings about pollution; accordingly there is a demand for 
researching and developing a new treatment liquid for forming a colorless glossy 
chromate coating film which remedies all of these drawbacks. 

The present invention was made with the aim of providing a treatment liquid for 
forming an excellent colorless glossy chromate coating film responding to this demand. 
Namely, this objective is achieved through a composition comprising 0.5 to 30 g/1 of 
mineral acid, 0.1 to 100 g/1 of a compound producing trivalent chromium ions in a 
liquid, and 0.1 to 100 g/1 of carboxylic acids 

As a result of this composition according to the invention, environmental 
problems due to the use of fluorides are avoided altogether, it is possible to dispose of 
chromium metal by neutralizing the waste fluid only, moreover its use avoids coloration 
defects as the treatment period window is wide, and it is possible to obtain a uniform 
colorless coating film for treatment samples having both a large size and complicated 
shapes. In addition, the obtained coating film has the extremely superior property of no 
color changes occurring even over long periods of time. 

As mineral acids for use in the present invention, the same as those used in prior- 
art chromate treatment liquids may be named, e.g. sulfuric acid, nitric acid etc., and their 
used quantity varies slightly with the concentration of the other additives, however 0.5 - 
30 g/1 is appropriate; when less than 0.5 g/1, it becomes difficult to form a chromate 
coating film, and gloss is lost if the galvanized surface is not polished. The range 
exceeding 30 g/1, on the other hand, is not desirable because the zinc forming the body 
to be treated is attacked by being dissolved. 

As the substance producing trivalent chromium ions in the above mentioned 
mineral acid acidic solution, there may be named chromic acid salts, chromium amine 
complex salts and chromium thiocyano complex salts, with possible representatives 
being, e.g., chromium chloride, chromium nitrate, chromium sulfate, chromium 
hydroxide, potassium chromium sulfate, ammonium chromium sulfate, guanidine 
chromium sulfate, tetrathiocyanite dianiline chromium, tetrathiocyanite diammine 
ammonium chromate, trioxalate potassium chromate, ja-hydroxo aquoennea[?] amine 
dichromium chlorides, |j,-hydroxo bis-pentaamminechromium chlorides, 
hexaammonium chromium chlorides, hexacyano potassium chromate. 

The concentration in use of the above substances for producing trivalent 
chromium ions vary in accordance with pH and temperature and other conditions of 
treatment at the time of using the composition of the present invention, however in 
general use is possible in a range of 0. 1 - 100 g/1, preferably the range of 0.5 - 100 g/1, 
most appropriately the range of 1.0 - 30 g/1. At a concentration of less than 0.1 g/1, no 
chromate coating film is formed, if used at more than 1 00 g/1 the chromate coating film 
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becomes milk white, so that the result aspired by the present invention of forming a 
colorless glossy coating film cannot be attained. 

Furthermore, the carboxylic acids of use in the present invention encompass 
broadly carboxylic acids and their salts, for example acetic acid, propionic acid, butyric 
acid, trichloroacetic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, maleic 
acid, fumaric acid, tricarballylic acid, ethylenediaminetetraacetic acid (EDTA), propane- 
1,1',2,3-tetracarboxylic acid, butane-l,2,3,4-tetracarboxylic acid, glycolic acid, 
thioglycolic acid, lactic acid, (3-hydroxypropionic acid, malic acid, citric acid, gluconic 
acid, tartaric acid, oxalacetic acid, diglycolic acid, thiodiglycolic acid, glycin, 
mercaptosuccinic acid, benzoic acid, phthalic acid, mandelic acid, and salicylic acid and 
other mono- or polyvalent aliphatic and aromatic carboxylic acids, oxycarboxylic acid, 
thiocarboxylic acid, as well as aminoacids etc. can be used in a wide range. To be 
named as particularly preferred among the above compounds are citric acid, tartaric 
acid, malic acid. 

The quantity of use of the above carboxylic acids also varies in accordance with 
the kind of carboxylic acid used and its treatment conditions as well as the used quantity 
of mineral acid and trivalent chromium, and may be defined appropriately, however in 
general it is used in a range of 0.1 - 100 g/1, preferably in a range of 0.5 - 100 g/1; when 
using an amount smaller than the lower limit or exceeding the upper limit, the same may 
be said as for the substance producing trivalent chromium. As regards citric acid, tartaric 
acid and malic acid, an appropriate use concentration is 0.5 - 50 g/1. 

When using the composition of the invention, the classical known chromating 
treatment method may be performed unchanged. Namely, for example when taking a 
zinc-plated iron plate as the sample to be treated, a colorless glossy chromate coating 
film is formed by immersing a zinc-plated sheet, on which previously washing etc. has 
been performed in the usual way, in a composition of the invention which has been 
adjusted to pH of about 0.5 - 4, at 5 - 50°C (preferably around room temperature) for a 
predetermined period and then simply washing with water and drying. 

When using the composition of the invention, the preferred immersion period is 
about 2 to 7 times as long as with the conventional chromating treatment liquid. I.e., 
with the conventional chromating treatment liquid using fluorides, the immersion period 
for obtaining a colorless chromate coating film was about 5-10 seconds; if immersion 
is longer than that, it becomes a firefly-colored coating film, and formation of a 
colorless glossy chromate coating film becomes difficult, and moreover with the 
conventional chromating treatment liquid not using fluorides, the immersion period is 
about 10-15 seconds, like in the above case the immersion period window is about 5 
seconds, and if this range was exceeded, it became a colored chromate. On the other 
hand, with the composition of the invention, although varying somewhat depending on 
the used carboxylic acid, when using citric acid or the like, the preferred immersion 
period window is very long with a range of 5 to 40 seconds, and not only does the 
treatment process become easier, but it also becomes possible to form a colorless glossy 
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chromate coating film uniformly on treatment bodies having a large size and 
complicated shape. 

In accordance with the above, the present invention encompasses compositions 
containing mineral acids, trivalent chromium and carboxylic acids and moreover such 
compositions with an addition of reducing agent; with these compositions it is possible 
to produce a uniform colorless glossy chromate coating film while markedly broadening 
the treatment period window. 

As the above mentioned reducing agent, a customary reducing agent may be used, 
however compositions containing as little metal constitent as possible are preferred. For 
example, formaldehyde, boron hydride, sodium hypophosphate, titanium trichloride, 
ferrous chloride may be named, at the commonly used amount thereof of 0.1 g/1 or more 
the expected effect of the present invention is obtained. Also, even when adding a large 
quantity of e.g. 50 g/1 or more, a good effect is obtained, however depending on the used 
amount the treatment period window is not broadened, so that it is not really preferred to 
use a large amount. Usually the used amount is about 0.1 - 70 g/1. 

In the following, examples and comparative examples are set forth for a more 
detailed description of the invention. 

Example 1 

A predetermined amount of carboxylic acid shown in the following Table 1 was 
added to the composition containing 6 g/1 of nitric acid and 1 g/1 of sulfuric acid as 
mineral acids, and 2 g/1 of chromium chloride as a trivalent chromium source, thereby 
obtaining the compositions of the present invention. Using the compositions of the 
present invention, an object to be treated, a galvanized iron plate, was immersed for 15 
seconds at 20°C. The formation state of a chromate film obtained is shown in the 
following Table 1 . The color of the excellent chromate film obtained did not change at 
all after 6 months storage. 



Table 1 



No. 


Amount used 
Carboxylic acids 


0.5 g/1 


1 g/1 


10 g/1 


50 g/1 


100 g/1 


1 


Oxalic acid 


A 


O 


o 


o 


o 


2 


Succinic acid 


A 


o 


o 


o 


o 


3 


EDTA 


A 


o 


o 


o 


® 


4 


Citric acid 


O 


o 


o 


o 


o 


5 


Tartaric acid 


O 


o 


o 


o 


o 


6 


Malic acid 


O 


o 


o 


o 


o 


7 


Butane- 1,2,3, 4- 
tetracarboxylic acid 


O 


o 


o 


o 


o 



Document 2 




In the above Table 1, A indicates that a colorless glossy chromate film is partly 
formed, O indicates that the above film is excellently formed, and ® indicates that the 
film is excellently formed but turned white. 

Example 2 

As in Example 1 , a predetermined amount of carboxylic acid shown in the 
following Table 2 was added to the composition containing 6 g/1 of nitric acid and 1 g/1 
of sulfuric acid, and 2 g/1 of chromium chloride, thereby obtaining the compositions of 
the present invention. Using these compositions, the same treatment as in Example 1 
was performed. The chromate film formation state is shown in the following Table 2. 
The color of the excellent chromate film obtained did not change at all after 6 months 
storage. 



Table 2 



No. 


Amount used 
Carboxylic acids 


10 g/1 


50 g/1 


100 g/1 


8 


Acetic acid 


A 


O 




9 


Thyoglycidic acid 


O 


O 




10 


Glycin 


A 


O 


® 


11 


Benzoic acid 


X 


o 





In the above Table 2, x indicates that a colorless glossy chromate film is not 
formed, A, O , and ® indicate the same as above. 

Example 3 

The results obtained by such a manner as in Example 2 are shown in Table 3. 



Table 3 



No. 


Amount used 

Carboxylic acids 


1 g/1 


10 g/1 


50 g/1 


12 


Salicylic acid 


X 


O 


O 


13 


Phthalic acid 


A 


o 


O 


14 


Thiodiglycolic acid 


O 


o 


<8> 



In the above Table 3, x, A, O , and ® indicate the same as those of Example 2. 
Treatment time difference measurement 

The amount of the carboxylic acids used in the compositions of the present 
invention in Examples 1 to 3 was maintained constant. The object to be treated was 
immersed at a temperature of 20°C as in Example 1 . The immersion time for forming an 
excellent film was measured. The results are shown in the following Table 4. 
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Table 4 



No. 


Carboxylic acids 


Amount used 


Immersion time 






(g/1) 


(sec) 


1 


Oxalic acid 


10 


5 - 30 


2 


Succinic acid 


10 


5-30 


3 


EDTA 


10 


10-30 


4 


Citric acid 


10 


5-40 


5 


Tartaric acid 


10 


5-40 


6 


Malic acid 


10 


5-40 


7 


Butane-l,2,3,4-tetracarboxylic acid 


10 


5-40 


8 


Acetic acid 


50 


10-20 


9 


Thyoglycidic acid 


10 


10-20 


10 


Glycin 


50 


10-20 


11 


Benzoic acid 


50 


10-30 


12 


Salicylic acid 


10 


5-30 


13 


Phthalic acid 


10 


5-30 


14 


Thiodiglycolic acid 


10 


5-30 



Example 4 

5 g/1 of each of the reducing agents shown in the following Table 5 was further 
added to the above compositions Nos. 1 to 14, thereby obtaining the compositions of the 
present invention. Using the compositions to which the reducing agent was added, the 
object to be treated was immersed at a temperature of 20°C as in Example 1. The 
immersion time for forming an excellent film was measured. The results are shown in 
the following Table 5. 



Table 5 



No. 


Tyi 


pe of reducing agent 


Formaldehyde 


Boron hydride 


Sodium 
hypoposphate 


Titanium 
trichloride 


Ferrous 
chloride 


1 


5-60 


5-60 


5-60 


5-60 


5-60 


2 


5-90 


5-90 


5-90 


5-60 


5-60 


3 


5-30 


5-30 


5-40 


5-30 


5-30 


4 


5-120 


5 - 120 


5 - 120 


5-90 


5-90 


5 


5 - 120 


5-120 


5 - 120 


5-90 


5-90 


6 


5-120 


5 - 120 


5 - 120 


5-90 


5-90 


7 


5 - 120 


5 - 120 


5 - 120 


5 - 120 


5 - 120 


8 


10-30 


10-30 


10-30 


10-25 


10-25 


9 


10-30 


10-30 


10-30 


5-30 


5-30 


10 


10-30 


10-30 


10-30 


10-25 


10-25 


11 


10-50 


10-50 


10-50 


10-50 


10-50 


12 


5-90 


5-90 


5-90 


5-90 


5-90 


13 


5-90 


5-90 


5-90 


5-90 


5-90 


14 


5-60 


5-60 


5-90 


5-90 


5-90 



-6 - 



Document 2 




As is apparent from the above Table 5, if the compositions of the present 
invention to which the reducing agent was added were used, the range of the treatment 
time was considerably further extended compared with that of the compositions of the 
present invention in which no reducing agent was used. 

Comparative Example 1 

Using a conventional chromate solution containing 1 g/1 of CrC>3, 3 g/1 of 
ammonium acid fluoride, and 20 g/1 of 62% nitric acid, a chromate film was formed as 
in Example 1. As a result, the treatment time for forming an excellent film was 5 to 10 
seconds. With the immersion time of 10 seconds or more, the film turned to have a 
firefly color. Dissolution of galvanized film was violent due to the nitric acid used, thus 
the base metal (iron plate) appeared. Further, in a few months after the film formation, 
the colorless film turned to yellow. 

Comparative Example 2 

Using a treatment solution containing lg/1 of CrC>3, 10 g/1 of 62% nitric acid, and 

0. 5g/l of sulfuric acid, and using no fluoride, a chromate film was formed as in Example 

1. As a result, in the treatment time between 10 to 15 seconds, a colorless chromate film 
was formed. However, a yellow chromate film was already formed in the peripheral 
portion of the object to be treated, and a uniform film could not be obtained. If the 
immersion time is 1 5 seconds or more, a colored chromate film where the entire film is 
yellow can be obtained. 
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